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Fig. 1. The single-particle dispersion at ky/kp = 0: (a) h. is real Zeeman field; (b), (c) imaginary Zeeman field, corresponding re-

spectively to the real and imaginary parts of the spectrum. For all panels, |h.|/hz = 0.6, the other parameters are aky/hy = 2.
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Fig. 2. Thermodynamic potential difference §62 as a function of order parameter A: (a) The corresponding chemical potential
u/hy =1.5 (solid line), p/hy = 1.8 (dashed line), u/hz = 2 (dashed-dot line), for all cases aky/hy = 0.7; (b) corresponding
spin-orbit coupling strength aky/hs = 0.5 (solid line), akp/he = 0.8 (dashed line), aky/hs = 1.3 (dashed-dot line), for all cases
i/hy = 1.5. The other fixed parameters Ey/hg = 0.4, hz/he = 0.2; (c) wihtout Zeeman field h,/h, = 0 (solid line), comparing
with |h.|/he = 0.5, real Zeeman field (dashed line), imaginary Zeeman field (dashed-dot line); (d) order parameter A as functions
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SPECIAL TOPIC— Ultracold atomic and molecular physics

Dual regulation mechanism of non-Hermitian dissipation on
superfluid states: Promoting BCS and suppressing
finite-momentum pairing”

ZHOU Lihong V2t

1) (Institute for Quantum Science and Technology, Shanghai University, Shanghai 200444, China)
2) (Department of Physics, Shanghai University, Shanghai 200444, China)

( Received 25 May 2026; revised manuscript received 15 June 2026 )

Abstract

Non-Hermitian quantum many-body physics has emerged as a frontier at the intersection of condensed
matter and ultracold atom research, with cold atomic gases providing a highly tunable platform for probing
exotic non-Hermitian many-body effects. Motivated by these advances, we investigate a two-dimensional s-wave
interacting Fermi gas subjected to both spin-orbit coupling (SOC) and engineered single-particle dissipation.
Employing a non-Hermitian mean-field framework, we systematically explore the superfluid ground-state
properties across two distinct pairing channels: the conventional BCS state with zero center-of-mass momentum
and the finite-momentum FFLO-type state. Our results reveal a remarkable dual regulatory role of dissipation:
it enhances conventional BCS superfluidity—manifested by a pronounced increase in the pairing order
parameter and a concomitant reduction in the energy difference between the superfluid and normal
states—while concurrently suppressing finite-momentum superfluid ordering. Mechanistically, the enhancement
is attributed to a reduced single-particle energy gap and a dissipation-induced increase in the Fermi-level
density of states, both of which facilitate more efficient Cooper pairing. In contrast, the suppression of finite-
momentum superfluidity originates from the dissipation-driven destruction of Fermi surface asymmetry, which
is initially established by the real Zeeman field; this disruption effectively eliminates the momentum-space
imbalance essential for finite-momentum pairing, steering the system toward a symmetric BCS ground state.
Our findings establish non-Hermitian dissipation as a powerful tuning knob for superfluid manipulation and
offer experimentally testable predictions for exploring emergent physics in open quantum many-body systems.
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